Probing Buffer-Specific Effects on Nucleotide Binding to RecA using Difference Ftir  by Temple, Joshua E. & MacDonald, Gina
514a Wednesday, February 11, 2015herein required the expression and purification of TMD1 in yeast cells and the
isolation and purification of C3 from bovine blood plasma. A protein pull-down
assay was used to verify that the two proteins interact. To aid in specific immo-
bilization of the TMD1, two lysine residues were converted to methionine by
site-directed mutagenesis via polymerase chain reaction leaving only one
free amine available for future reactions. The wild type and mutant TMD1 pro-
teins were characterized by mass spectrometry and urea-induced unfolding.
The proteins were also both used in pull-down assays with C3. Once interac-
tions are confirmed, hydrogen/deuterium exchange followed by matrix assisted
laser desorption and ionization time of flight mass spectrometry (MALDI-TOF
MS) will be performed to determine which regions of each protein are involved
in binding. Additionally, interactions between the two proteins will be charac-
terized using fluorescence resonance energy transfer (FRET) experiments.
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The Escherichia coli protein RecA catalyzes the strand exchange reaction used
in DNA repair and genetic recombination. Previous studies in our lab have
shown buffer-specific changes in RecA stability and unfolding transitions.
However, these studies suggest only minimal buffer dependent changes in
nucleotide binding and secondary structure that did not explain the large buffer
dependent differences in RecA stability and unfolding profiles. These observa-
tions led to further investigations of how the four common biological buffers
Tris, HEPES, MES, and PO4 alter RecA structure and nucleotide binding.
Here we have employed circular dichroism (CD) and infrared (IR) spectros-
copy to further discern if buffers influence nucleotide binding to RecA. CD
spectra of RecA were obtained in the presence and absence of ADP in each
buffer condition. Laser-induced photolysis of caged nucleotides was used in
conjunction with difference IR to generate RecA-ADP minus RecA difference
infrared spectra in each of the four buffers. These studies detected buffer-
specific changes in nucleotide binding to RecA including possible perturbations
in Gln, Glu, Asp, Asn, Tyr, and Lys residues and unique secondary structural
transitions. These differences between RecA-ADP minus RecA difference
spectra will be discussed.
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The lac repressor protein (lac) is an allosterically regulated transcription factor
which controls expression of the lac operon in bacteria. Binding of a small
molecule inducer to a site 40A˚ away from the DNA-binding domain relieves
repression through what is thought to be local unfolding of the hinge helix.
Despite decades of characterization, our understanding of this allosteric transi-
tion remains incomplete_mostly inferred from partial crystal structures. In prin-
ciple, high-resolution solution NMR could provide detailed structural and
dynamical information unobtainable by crystallography. However, due to
lac’s high molecular weight (70 kDa free, 85 kDa operator-bound), low solubi-
lity, and transient stability, such studies have been limited to the non-allosteric,
isolated DNA-binding domain. We present, for the first time, a high-resolution
solution NMR study of intact wild-type lac in all of its relevant functional
states, including the poorly characterized lac-inducer-operator ternary com-
plex. Non-uniform sampling was employed extensively in order to obtain back-
bone resonance assignments. Our initial results suggest that induction may not
proceed simply through unfolding of the hinge helix but rather involves a more
complex interplay between changes in structure and dynamics. Research sup-
ported by NIH GM102447.
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PLC-bs signal downstream of Gq- and Gi-coupled GPCRs to synthesize two
second messengers, IP3 and DAG, from PIP2. Gi regulates PLC-bs through
its Gbg subunit. The N-terminal PH domain of PLC-b appears to be the
primary Gbg sensor because its deletion abolishes stimulation by Gbg and
because replacement of the PLC-d PH domain by the PLC-b PH domain con-
fers Gbg sensitivity. We find that the isolated PLC-b PH domain inhibits
PLC-b activation by Gbg, suggesting that the PH domain binds Gbg directly.
PLC-b2 is also stimulated by Rac1, and the Rac1 binding site is on an exposedsurface of the PH domain. Simultaneous stimulation of PLC-b2 by Gbg and
Rac1 indicates that they bind non-competitively, thus excluding a large swathe
of PH domain surface as a potential Gbg binding site. Although several PH do-
mains bind Gbg, the PH domain of GRK2 is the only one whose Gbg-binding
surface is known. In PLC-bs, this surface does not overlap the Rac-binding sur-
face, but it is buried against the adjacent EF hand domain, suggesting that Gbg
binding to PLC-b requires significant domain motion. We show that crosslink-
ing the PH domain to the EF hand domain inhibits PLC-b activation by Gbg but
not Gaq, supporting the hypothesis that Gbg binds to an occluded site on the PH
domain to directly regulate enzyme activity. PLC-bs accelerate hydrolysis of
GTP bound to Gaq, and this GAP activity is inhibited by Gbg. PH-EF hand
crosslinking does not alter GAP inhibition by Gbg. This is consistent with
our suggestion that Gbg inhibits the GAP activity of PLC-b and other GAPs
by binding Gaq-GTP, competitively, inhibiting GAP interaction with its G pro-
tein substrate. Thus, Gbg employs distinct mechanisms to regulate different
PLC-b activities.
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Revolutionary advances in cryo-electron microscopy are rapidly driving the
determination of structures of small protein complexes to near-atomic resolu-
tion. Automation of image acquisition together with streamlined image pro-
cessing pipelines now offer the opportunity to localize the binding of ligands
with low molecular weight to their target proteins using largely automated pro-
cedures that could be useful for pharmaceutical drug development. To test the
practicality of this approach, we used automated procedures and advances with
direct electron detectors to localize ADP (427 Da) and other small ligands on
glutamate dehydrogenase, a clinically significant 365 kDa enzyme that is a rele-
vant pharmaceutical target for cancer and diabetes.
Data from 385 images from a single specimen in a single session recorded on a
Falcon II detector using EPU data collection software provided enough infor-
mation to localize ADP in the ligand-protein complex at ~ 4.5 A˚ resolution.
The validity of the results was confirmed by comparison with the crystallo-
graphic coordinates of the GDH-ADP complex. Using these methods we
were able to localize the binding site of other physiologically relevant ligands
in different conformations of the enzyme. These methods thus provide a
streamlined path to localize nucleotides and other low molecular weight.Protein Folds
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We describe a statistical thermodynamics-based approach to analyzing urea-
dependent volumetric properties of proteins. The analysis produces the ther-
modynamic properties of elementary reactions in which a urea molecule
interacts with a protein while also yielding an estimate of the effective
solvent-accessible surface areas of the native and unfolded protein states.
We carried out high precision measurements of the partial molar volume
and adiabatic compressibility of lysozyme, apocytochrome c, ribonuclease
A, and a-chymotrypsinogen A at 25C as a function of urea. The resulting
volumetric data were analyzed within the framework of a statistical thermo-
dynamic formalism. Lysozyme remains folded, while apocytochrome c is
unfolded between 0 and 8 M urea. In contrast, ribonuclease A and a-chymo-
trypsinogen A exhibit urea-induced unfolding transitions. Thus, our data
permit us to characterize urea-protein interactions in both the native and
unfolded states. We interpreted the urea-dependent volumetric properties of
urea in terms of equilibrium constant, k, and changes in volume, DV0, and
compressibility, DKT0, for an elementary reaction of urea binding to protein
with a concomitant release of two water molecules from its hydration
shell. Comparison of the values of k, DV0, and DKT0 with the similar data
obtained for small molecules mimicking protein groups reveals the lack of
cooperative effects involved in urea-protein interactions. Urea-dependent
volumetric data enable one to evaluate the extent of solvent exposure of
protein groups in both the native and unfolded states. We emphasize that
the volumetric approach offers a practical way for evaluating the effective
solvent accessible surface area of biologically significant fully or partially
unfolded polypeptides.
